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Introduction
In vitro produced (IVP) bovine embryos are
more sensitive to chilling, cryopreservation and
warming than their in vivo counterparts (Leibo
& Loskutoff 1993, Wurth et al. 1994). One pos-
sible explanation for this difference could be a
higher content of intracellular lipid concentra-
tion and a different zona pellucida in IVP
embryos (Leibo & Loskutoff 1993). Culture
medium containing serum probably contributes
to a higher lipid concentration (Gardner et al.
1994, Pollard & Leibo 1994, Shamsuddin &
Rodriguez-Martinez 1994,  Van Soom et al.
1996,  Thompson 1997,  Holm & Callesen
1998). It has been suggested, that the increased
lipid content may be a result of inefﬁcient
metabolism of lipid by mitochondria, which are
fewer in IVP embryos (Farin et al. 2001). Cul-
ture without serum may improve viability fol-
lowing cryopreservation and may make the em-
bryo more resamble the morphological appear-
ance of in vivo embryos (Thompson 1997).
However, in order for IVP embryos to be widely
used, cryopreservation of these embryos and
obtaining satisfactory pregnancy rates after
transfer is essential. Some authors have shown
comparable pregnancy rates after transfer of
fresh and cryopreserved IVP embryos (Wagten-
donk-de Leeuw et al. 1998, Agca et al. 1998)
whereas other studies have resulted in a de-
creased pregnancy rates using cryopreserved
IVP embryos (Wurth et al. 1994, Van Soom et
al. 1994, Hasler et al. 1995). 
The method of cryopreservation seems to have
an impact on both rate of in vitro survival of
IVP embryos and subsequent pregnancy. Vitri-
ﬁcation seems to be superior to conventionalfreezing both in vitro and after transfer (Wurth
et al. 1994, Dinnyés et al. 1996, Agca et al.
1998). Vitriﬁcation by the so-called Open
Pulled Straw (OPS) method is a promising
method yielding in vitro hatching rates of Days
6-7 blastocysts of 94% and 70% at 48 and 72 h
after warming, respectively (Vajta et al. 1998),
but there are only a few studies regarding preg-
nancy rates following transfer of embryos vitri-
ﬁed by the OPS method. Lewis et al. (1999) ob-
tained a pregnancy rate of 64% and a calving
rate of 50% while 2 other studies found a preg-
nancy rate of 50% (Holm et al. 1999, Lazar et
al. 2000).
After transfer, both fresh and frozen-thawed
IVP embryos deviate from their in vivo coun-
terparts in other aspects than lower pregnancy
rates. There is a higher incidence of early em-
bryonic loss and abortion throughout preg-
nancy, higher incidence of hydrallantois, devia-
tion in vascularisation of the placenta, pro-
longed pregnancies, increased birth weight and
a higher perinatal mortality of calves (Van
Soom et al. 1994, Hasler & al. 1995, Behboodi
et al.1995, Farin and Farin1995, Sinclair et al.
1995, Schmidt et al. 1996, Kruip & den Daas
1997, Wagtendonk-de Leeuw et al. 1998, 2000,
Hasler 1998, Numabe et al. 1999, Peterson et
al. 2000, Numabe et al. 2000, Jacobsen et al.
2000a, b, Farin et al. 2001). These problems re-
lated to the pregnancy and to the newborn calf
have been denominated 'large offspring syn-
drome' (Leese et al. 1998, Young et al. 1998).
There are only a few reports on follow-up stud-
ies caused by the in vitro procedure (Wagten-
donk-de Leeuw et al. 2000).
The general objective of this study was to per-
form follow-up studies including growth rates,
disease susceptibility and reproductive perfor-
mance on calves born after transfer of OPS-vit-
riﬁed IVP embryos as compared to AI control
calves. 
Materials and methods
Oocyte collection
Ovaries from Holstein-Friesian cows and
heifers were collected from a local abattoir and
transported to the laboratory in physiological
saline solution at 30-35°C.
Experimental group OPS-IVP-1
The ovaries originated from culled cows and
heifers from the research herd with known ge-
netic background. The cows were fattened prior
to slaughter. The oocytes were obtained by slic-
ing the ovaries as described by Hamano &
Kuwayama (1993), using a cutting device con-
sisting of 10 parallel razor blades 2 mm apart in
Hepes-buffered TCM 199 medium supple-
mented with 5% cattle serum. 
Experimental groups OPS-IVP-2 & OPS-IVP-3
The oocytes were obtained by aspiration of 2 to
6 mm follicles from ovaries originating from
Holstein-Friesian cows with unknown genetic,
nutritional and reproductive status. 
In vitro maturation, fertilization and culture for
experimental groups OPS-IVP-1 & -2
Oocytes were matured and fertilized as de-
scribed in detail by Vajta et al. (1996) and cul-
tured as described by Holm et al. (1999).
Brieﬂy, groups of 25 to 30 cumulus-oocyte
complexes were transferred to each well of a 4-
well dish (Nunc, Roskilde, Denmark) contain-
ing 400 µl of TCM-199 medium (Gibco BRL,
Paisley, UK) containing 25 mM bicarbonate,
0.2 mM sodium pyruvate, 0.4 mM L-gluta-
mine, 50 µg/ml gentamycin, adjusted to pH 7.4
and 280 mOsm supplemented with 15% cattle
serum as well as 10 IU/ml pregnant mare
serum gonadotropin and 5 IU/ml human chori-
onic gonadotropin (Suigonan Vet, Inter-
vet Scandinavia, Skovlunde, Denmark). The
oocytes were incubated under parafﬁn oil (Uva-
sol 1.07161.0500, Merck, Darmstadt, Ger-
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ﬁed air. 
In vitro fertilization (Day 0) was performed
with frozen-thawed semen from one Danish
Holstein-Friesian bull. Oocytes were trans-
ferred to another 4-well dish containing 400 µl
per well of IVF-TALP medium (Parrish et al.
1984, 1986, 1989) supplemented with 30 µg/ml
heparin, 30 µM penicillinamine, 15 µM hy-
potaurine and 1 µM epinephrine and covered
with parafﬁn oil. The semen was subjected to a
55% and 90% discontinuous Percoll (Phama-
cia, Uppsala, Sweden) gradient followed by 2
washes in sperm-TALP medium. Spermatozoa
were added to the oocytes to give a ﬁnal con-
centration of 1.5×106 spermatozoa per ml, and
co-incubated at 39°C under 5% CO2 in humid-
iﬁed air. 
Presumptive zygotes were cultured in modiﬁed
SOFaa with 5% cattle serum under parafﬁn oil
for 7 days at 39°C in 5% O2, 5% CO2, and 90%
N2 in humidiﬁed air, with change of media on
Day 4. 
In vitro maturation, fertilization and culture for
experimental group OPS-IVP-3
Oocytes were matured, fertilized and cultured
as described in detail by Avery et al. (1998).
Brieﬂy, the maturation medium consisted of
TCM 199 medium with Earle's salt and 25 mM
sodium bicarbonate, supplemented with 10%
oestrous cow serum, 1 mM L-glutamine, 0.2
mM sodium pyruvate, 1.4 IU/ml pregnant mare
serum gonadotropin and 0.7 IU/ml human
chorionic gonadotropin (Suigonan Vet, Intervet
Scandinavia, Skovlunde, Denmark), 50 ng/ml
epidermal growth factor (EGF) and 50 µg gen-
tamycin. 
In vitro fertilization (Day 0) was performed
with frozen-thawed semen from the same bull
used in experiment OPS-IVP-1 and -2. Oocytes
were placed in 500 µl IVF-TALP medium,
which contained 30 µg/ml heparin, 20 µM peni-
cillamine, 10 µM hypotaurine, 1 µM epine-
phrine and 6 mg/ml bovine serum albumin.
Frozen-thawed semen was washed twice in
sperm-TALP medium and added to the oocytes
in the fertilization medium to give a ﬁnal con-
centration of 2×106 spermatozoa per ml and co-
incubated for 20 h at 39°C under 5% CO2in hu-
midiﬁed air.
Presumptive zygotes were co-cultured with
bovine oviduct cells in Menezo-B2 medium
(INRA, Paris, France) supplemented with 10%
estrous cow serum in 100 ml oil covered
droplets (20 oocytes per droplet) at 39°C under
5% CO2 in humidiﬁed air. The embryos were
cultured until Day 8 after insemination without
change of media. 
Vitriﬁcation
On Day 7, all embryos were evaluated using
standard morphological criteria under a stereo
microscope, and only blastocysts of excellent
quality were selected for vitriﬁcation by the
Open Pulled Straw (OPS) method as described
in detail by Vajta et al. (1998). Brieﬂy, the mid-
dle section of French mini straws (250 µl; IMV,
L'Aigle, France) were heat-softened over a hot
plate before being pulled manually until the in-
ner diameter and the wall thickness decreased
from 1.7 mm to approximately 0.8 mm and
from 0.15 mm to approximately 0.07 mm, re-
spectively. The straws were cooled in air, then
cut at the narrowest point with a razor blade.
For vitriﬁcation, each blastocyst was ﬁrst incu-
bated in holding medium (TCM-Hepes supple-
mented with 20% cattle serum) containing
7.5% ethylene glycol and 7.5% dimethyl sul-
phoxide for 3 min, and then transferred in ap-
proximately 1 to 2 µl of solution to a 20-µl
droplet holding medium containing 16.5%
ethylene glycol, 16.5% dimethyl sulphoxide
and 0.5 M sucrose. The blastocyst and the solu-
tion was mixed quickly by pipetting and then
transferred into another drop containing ap-
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blastocysts into the straw was performed using
the capillary effect by simply touching the 1 to
2 µl droplet, containing the blastocysts with the
narrow end of the pulled straw. This end was
then immediately submerged into liquid nitro-
gen. Warming was performed by immersing the
end of the straw containing the blastocysts into
1.2 ml of holding medium containing 0.25 M
sucrose. After 1 min, the blastocysts were trans-
ferred into 1.2 ml of holding medium contain-
ing 0.12 M sucrose for another 5 min and then
twice for 5 min. Finally the blastocysts were
transferred twice for 5 min each into holding
medium. The temperature of all media was
37°C. Subsequently, the blastocysts were cul-
tured in SOFaa with 5% cattle serum for 4 h
prior to transfer as described for culture of
OPS-IVP-1 and -2. 
Embryo transfer
Experimental group OPS-IVP-1. From
December 1997 to February 1998, 32 cows had
a single embryo non-surgically transferred on
Days 6-8 after external signs of heat. The
oestrus period used was the ﬁrst spontaneous
one postpartum that otherwise would have been
used for insemination. Pregnancy diagnosis
was carried out on Day 45 by rectal palpation
and ultrasound scanning. 
Experimental groups OPS-IVP-2 and
-3. Forty-four heifers were heat synchronized
11 days apart with an i.m. injection of a syn-
thetic PGF2α analogue (0.5 mg cloprostenol,
Estrumat, Schering-Plough, Farum, Denmark).
Twenty-eight and 16 heifers had one embryo
from experimental groups OPS-IVP-2 and -3,
respectively, non-surgically transferred 7 days
after external signs of heat from April to July
1998. Pregnancy diagnosis was carried out on
Day 45 by rectal palpation and ultrasound scan-
ning. 
Control group
Twenty-four cows were inseminated with se-
men from the same bull used for IVF and were
examined for pregnancy on Day 45 by rectal
palpation and ultrasound scanning. 
Delivery and postnatal examination of all the
calves
All recipients and control cows were closely
observed during the deliveries that occurred
from September 1998 to April 1999. If obste-
trical assistance was required, it was not applied
until 2
1⁄2-3 h after rupture of the fetal mem-
branes (allanto-amnion). Immediately after
birth, nasal passages were cleared and navels
were sprayed with iodine solution. Thereafter,
the calves were weighed and then transported to
separate calf pens, where they were fed 40
ml/kg colostrum within the ﬁrst 2 h after birth.
Calves were housed in separate calf pens for 1
1⁄2
to 2 months and then moved to large calf pens
with 5-8 calves per pen. These calf pens were
placed in one of the cow stalls. During winter
and early spring the cows were inside at all
times whereas the cows were on pasture during
the day in late spring and summer.
All calves were routinely weighed and growth
rates were calculated as daily weight gain. The
anticipated growth rate was 0.6 kg per day for
heifer calves and 1.3 kg per day for bull calves
from Day 123. Bull calves were either sold at 6
to 7 months of age or slaughtered at 10 months
of age. 
The health of the calves was carefully moni-
tored and any diseases and treatments were
recorded. 
When heifers reached a weight of between 250
and 300 kg they were observed for external
signs of heat. It was intended the heifers should
calve at 24 to 26 months of age, and therefore
inseminations were begun at 15 to 17 months of
age. Heat observations, inseminations and
pregnancy status were recorded. 
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Data were analyzed by a mixed linear model
(Proc Mixed, SAS 1992), and results presented
as LSmeans ± SEM. Birth weights were ana-
lyzed using a model in which embryo treatment
(IVP or AI), sex and gestation length was used
as ﬁxed effects. For gestation length, embryo
treatment (OPS-IVP or AI) and sex were used
as ﬁxed effects. For growth rate, female and
male calves were analyzed separately and then
embryo treatment was used as a ﬁxed effect.
Differences with P-values <0.05 were regarded
as statistically signiﬁcant. 
Results
Pregnancy rates and number of calves
Pregnancy rates and number of calves are
shown in Table 1. Abortions occurred for 1
heifer in the OPS-IVP-3 group at 7 months of
pregnancy, for 1 heifer in the OPS-IVP-2 group
at 3
1⁄2 months and for 1 AI cow at 6 months of
pregnancy. Lightening killed one pregnant
heifer in the OPS-IVP-3 group. 
Dystocia, birth weight and gestation length
All 11 AI and 3 OPS-IVP-1 calves were born by
cows, whereas 5 OPS-IVP-2 and 1 OPS-IVP-3
calves were born by heifers. 
Of the 6 heifers calving, 4 needed assistance
during delivery, whereas none of the cows
needed assistance. 
Table 2 shows birth weights, gestation length
and sex ratio of the AI and OPS-IVP calves.
There was no signiﬁcant effect of embryo treat-
ment (AI vs. OPS-IVP) on birth weight or ges-
tation length. There was a positive correlation
between gestation length and birth weight (r =
0.57, p <0.008) and a signiﬁcant effect of sex on
birth weight, with male calves being heavier
than female calves (LSmeans ± SEM, male:
50.1 ± 1.4 kg, female: 45.0 ± 1.2 kg, p <0.002).
Parity and weight of the recipient did not affect
birth weight or gestation length in this study
and therefore these parameters are not included
in the statistical model. 
The largest calf (female, AI, 56 kg) was found
dead. Since its hair was not loose it was con-
cluded that the calf died during delivery or im-
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Table 1. Number of embryos transferred, pregnancy rates and number of calves born following transfer of
OPS-vitriﬁed embryos or AI.
Experimental No. of single Pregnancy rate No. of 
group embryo transferred (pregnant/ transfer) calves born
IVP-1 32 9.4% (3/32) 3
IVP-2 28 21.4% (6/28) 5
IVP-3 16 18.9% (3/16) 1
Total-IVP 76 15.8% (12/76) 9
Control-AI  24 inseminations 50% (12/24) 11
Table 2. Birth weight (LSmeans ± SEM, kg), gestation length (LSmeans ± SEM, days), and sex ratio in total
IVP- and control AI calves.
Experimental group Birth weight (range) Gestation length (range) Male /female
Total-IVP (n = 9) 44. 2 ± 0.9 kg (40-48) 280.0 ± 1.5 days (272-286) 4 / 5
Control-AI (n=11) 46.6 ± 0.8 kg (38-56) 279.1 ± 1.4 days (267-287) 4 / 7mediately thereafter. One of the OPS-IVP
recipient heifers showed weak labour and de-
ﬁcient dilatation of the cervix. A Cesarean sec-
tion was performed, but the bull calf was found
dead; since its hair was loose it was concluded
that it had died at least 12 h earlier. One female
OPS-IVP calf broke its leg when it was 2 weeks
old and was consequently euthanised. 
Survival, disease susceptibility, growth and 
reproductive status
Of the remaining 10 AI and 7 OPS-IVP calves,
susceptibility to diseases was not related to the
AI or OPS-IVP procedures, but was dependent
on the time of year when the calves were born
and also to the type of housing. In January 1999
an outbreak of diarrhoea affected all calves
born (10 AI and 2 OPS-IVP) and 3 AI calves
were treated for pneumonia. In March and April
1999 pneumonia affected most of the calves
and the herd veterinarian treated 3 AI and 2
OPS-IVP calves. One female AI calf never re-
covered from pneumonia and diarrhoea and
was euthanised at 3 months of age. Two of the
OPS-IVP calves born in spring were treated for
pneumonia in July 1999. 
The average growth rate per day of heifers was
not different between the AI and OPS-IVP
groups (means ± SEM kg/day; AI: 0.56 ± 0.01,
n = 5; OPS-IVP: 0.58 ± 0.05, n = 4; p >0.05).
All bull calves in both the AI and OPS-IVP
groups had a growth rate from Day 123 above
the target level of 1.3 kg/day (means ± SEM
kg/day; AI: 1.52 ± 0.12; OPS-IVP: 1.46 ± 0.07,
p >0.05).
The ﬁrst heat was registered at an average age
of 16.5 months for both the 4 OPS-IVP heifers
(15-20.5 months) and the 5 AI heifers (15.5-18
months). All heifers are currently diagnosed
pregnant, the 4 OPS-IVP heifers at an average
age of 17.5 months (15-20.5 months) with an
average of 2.0 ± 0.6 inseminations per preg-
nancy, and the 5 AI heifers at an average age of
18 months (15.5-20 months) with an average of
2.4 ± 0.7 inseminations per pregnancy.
Discussion
Although the study is based on a limited animal
material it showed that there was no immediate
effect on pregnancy and calves born after in
vitro embryo production including the OPS-vit-
riﬁcation with respect to gestation length, birth
weight or perinatal mortality compared with AI
calves. Similarly there was no long-term effect
of the in vitro procedure including the OPS-vit-
riﬁcation on growth rate, diseases susceptibility
or reproductive performance of the heifer
calves.
Pregnancy rates following transfer of the OPS-
vitriﬁed IVP embryos were lower compared
with previous studies using similar types of em-
bryos (Holm et al. 1999,  Lewis et al. 1999,
Lazar et al. 2000). Previous experiments in the
same herd using the same IVP and vitriﬁcation
procedure have also given relatively low preg-
nancy rates (18%, Callesen, personal commu-
nication). Whether the low pregnancy rates in
this study were a result of poor recipients, the
IVP-procedure, the OPS-vitriﬁcation or other
parameters remains unknown.
There may be several reasons for only obtaining
a 9.4% pregnancy rate in the IVP-1 experimen-
tal group. One reason may be the oocyte qual-
ity, because the ovaries originated from fattened
cows that were intended for culling. Conse-
quently their nutrition might have reduced
oocyte quality with a lasting inﬂuence on the
developmental competence of the resulting em-
bryos (Blanchard et al. 1990). In addition, the
oocytes were obtained by slicing the ovaries
which is a procedure known to give a very het-
erogeneous population of oocytes including
those with poor developmental competence
(Fair et al. 1995, 1996). A Second reason may
be recipient type; the embryos were transferred
to cows 6-8 days after the ﬁrst spontaneous heat
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used for insemination. In addition, the cows
were not selected on the basis of the presence of
a corpus luteum, but were selected solely on ba-
sis of the information that they had been ob-
served in heat. A third reason could have been
the synchrony between the embryo and the re-
cipient since the embryos were transferred on
days 6-8 after external signs of heat and conse-
quently could have been transferred to an asyn-
chronous environment. However, the results
from a large Danish ﬁeld trial on embryo trans-
fer of in vivo produced embryos established
that while asynchrony of ± 1 day had no effect
on pregnancy rates, ±2 days did (Liboriussen &
Andersen 1997). 
The pregnancy rate did improve from 10% to
20% when heat synchronized heifers were used
as recipients. In a previous small study using
the same procedures for IVP and vitriﬁcation,
Holm et al. (1999) obtained a pregnancy rate of
50% (4/8). This indicates that the procedure is
also viable under practical conditions. 
There was no long-term effect of the IVP pro-
cedure including OPS-vitriﬁcation on the
calves. Growth rates were similar between AI
and OPS-IVP heifers and in both groups, only
slightly lower than the expected 0.6 kg/day. Bull
calves had growth rates above the expected 1.3
kg/day from day 123, which was considered
satisfactory. Regarding disease susceptibility,
the AI calves seemed more susceptible than the
OPS-IVP calves. However, diarrhoea and pneu-
monia went through the herd in January 1999
and affected most calves at a time when all AI
control calves and only 2 of the 7 OPS-IVP
calves were born. Therefore, we conclude that
the time of year when the calves were born was
more important than the origin of the embryo
regarding disease susceptibility. 
For OPS-IVP embryos to be a useful and com-
petitive technology in comparison to in vivo
embryo production by superovulation, the neg-
ative effects of the 'large offspring syndrome'
have to be overcome and it is also necessary to
obtain higher pregnancy rates after cryopreser-
vation. In the present study there were no im-
mediate or long-term effects of the IVP proce-
dure including OPS-vitriﬁcation on the calves
which is certainly a positive result. However, a
pregnancy rate of 16% was not satisfactory, and
in the future the quality of the ovaries and the
recipients should be more carefully selected. In
addition to the AI control group we should have
had a control group of recipients receiving fresh
IVP embryos in order to differentiate whether
the poor pregnancy result was due to the vitriﬁ-
cation procedure or the IVP procedure. 
Conclusions
It is concluded that a pregnancy rate of 16% af-
ter transfer of OPS-vitriﬁed embryos in this ex-
periment was disappointedly low. However,
there was no immediate or long-term effect on
the calves of our standard IVP system including
OPS-vitriﬁcation with respect to birth weight,
gestation length, perinatal mortality, growth
rate, disease susceptibility and reproductive
performance. 
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Sammendrag
Ingen peri eller postnatal effekt på kalve født efter
transplantation af in vitro producerede embryoner
vitriﬁceret ved hjælp af OPS-vitriﬁcation.
Målet med dette studie var at undersøge, om der var
en langtidseffekt på kalvene af in vitro producerede
embryoner, der var blevet vitriﬁceret ved hjælp af
'Open Pulled Straw' (OPS) metoden. Langtidsstu-
dierne inkluderede tilvækst, sygdomsforekomst og
reproduktionsstatus. Der blev opnået en overordnet
drægtighedsprocent på 16% efter transplantation af
OPS-vitriﬁcerede IVP embryoner, hvilket var lavere
end forventet. Dette resulterede i fødslen af 9 IVP
kalve, og som kontrol fungerede 11 AI kalve. Der var
ingen kort- eller langtidseffekt på kalve født efter
transplantation af OPS-vitriﬁcerede IVP embryoner
mht. fødselsvægt, drægtighedslængde, perinatal
dødelighed, tilvækst, sygdomsforekomst eller repro-
duktionsstatus. 
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